Single long DNA molecule (T4 DNA) in agarose gel was visualized with a fluorescence microscope. We confirmed alternating current electric fields is effective for stretching of single DNA molecule in agarose gel. This stretching phenomenon was observed with wide range of agarose gel concentration from 0.5%(W/V) to 1.5%. From this observation, the presence of agarose gel fiber is essential for this stretching phenomenon. The stretching process of several DNA molecules in gel shows discontinuity, which is never observed in polymer systems. It would be based on topological restriction from gel fibers.
INTRODUCTION
In aqueous solutions, long double-stranded DNA with size over a few kilo-base pairs (kbp) exhibits random coil conformation. Ueda et al. 1 ' 4 - 6 and Oana et al 5 discovered random coiled DNA chains can be stretched in concentrated polymer solutions by applying AC field of ca.lOHz. The method was applied to visualization of a restriction site on a DNA, where fluorescence-labeled restriction endonuclease EcoRI bounds. 5 In order to apply the stretching method for longer chromosomal DNA, it is useful to develop the method in gel systems. In this report, we found that the DNA is stretched out under proper condition not only in concentrated polymer solution but also in agarose gel.
EXPERIMENTAL
Preliminary to fluorescence microscopic observation, T4 DNA (I65.6kbp, Nippon Gene) was stained with an intercalating fluorescence dye, YOYOl(Molecular Probes, Inc.). The DNA was labeled at a ratio of five base pairs per dye molecule (bp/dye=5). Molten 1%(W/V) agarose gel (Agarose NA, Amersham Pharmacia Biotech) in 0.5xTBE buffer(45mM Tris, 45mM borate, 1.25mM EDTA, pH8.3) was poured into a specially modified electrophoresis set on a 30mm x 40mm slide. In order to avoid the inevitable photodegradation of the DNA-Y0Y01 complex, the solution which contains the enzymes (glucose oxidase, O.lmg/ml; catalase, 0.018mg/ml), 2.3mg/ml glucose and 4%CV7V) 2-mercaptoethanol in 0.5xTBE buffer was poured upon solidified gel for 5 min. One-ul sample solution, which also contains these reagents, was injected into a well of agarose gel. After a low steady field of 5V/cm was applied to pull the DNA into agarose gel, sinusoidal electric fields of 200V PP (peak-to-peak voltage)/cm with various frequencies, which were generated by a combination of a function generator and an amplifier, were applied between two parallel platinum electrodes. Individual DNA molecules were observed by a fluorescence microscope (Carl Zeiss, Axiovert 135TV) equipped with a xlOO oil-immersed objective. The images were recorded on videotape using a high-sensitivity SIT camera (Hamamatsu Photonics) and analyzed with a personal computer using an image-analysis software(Library, Cosmos32). Figure 1 shows the fluorescence images of a T4 DNA molecule stained with YOYOl in 1% agarose gel, where an AC field with the frequency of lOHz and with the amplitude of 200V PP /cm are applied. Maximum length (Ri) of the DNA are plotted as a function of time in Figure 2 . As shown in Fig. 2 , once the value of Ri gives a local maximum around 8 sec, after that, increases again and reaches a almost steady state finally, where the value of Ri fluctuates around 35um. Such a discontinuity in a stretching process of the DNA is attributed to that in gel systems but in polymer systems. We suggest that this is based on topological restriction from gel fibers cross linked with each other. During our observation, several brighter parts of the stretching DNA than other parts appeared. These brighter parts indicate the presence of high density of the DNA segment, which we conjecture consist of folding conformation. From Osec to ca.lOsec or after ca.l3sec, these brighter parts reduce as a time sequence. On the other hand, from ca.lOsec to ca.l3sec, these brighter parts grow up as a time sequence. Growth and break off of these brighter parts, that is topological restriction from gel gibers, would result in discontinuity during the stretching process. The value of Ri which fluctuate around 35um is not in agreement with its theoretical contour length, ca.55um. This is based on the following observation. As described above, the stretched DNA has several high segment density parts. In addition, stretched DNA adopts a three-dimensional zig-zag conformation because of the presence of gel fibers. These factors make the DNA apparent length to decrease. The stretching phenomenon would require the presence of agarose gel fibers. However, the concentration of agarose gel is of limited significance in this phenomenon. Because in the range of agarose gel concentration from 0.5% to 1.5%, we observed the stretching which modes are similar to Fig.l . We also conjecture that the appropriate frequency of AC field is required to stretch DNA. We examined frequency region from lHz to lOOHz, full extension can be obtained only around lOHz. The method reported here would be powerful tool for the manipulation of individual long DNA in agarose gel.
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